Abstract Y zeolite slurry contains a lot of colloid and pretreatment of Y zeolite slurry could separate Y zeolite nanoparticles and Si sol effectively by alkali solution. These nanoparticles were characterized by scanning electron microcopy, particle size distribution, X-ray diffraction, thermogravimetric analysis, and NH 3 temperature program desorption. After integrating the Y zeolite in fluid catalytic cracking catalyst, performance of the catalyst containing this nano-zeolite was evaluated by cracking the mixed feed of Xinjiang vacuum gas oil and vacuum resin in fixedfluidized-bed reactor. This catalyst is favorable for the production of light oil by catalytic cracking the mixed feed.
Introduction
In recent years, the demand for catalyst with high activity and activity stability has been growing strongly in China. As domestic feedstock of chemical industry was becoming more and more inferior, Y zeolites, which were the major rate-controlling components in most modern hydrogen cracking catalysts, should remain extremely stable during cracking. Nowadays, almost all zeolitic fluid catalytic cracking (FCC) catalysts are prepared by the ion-exchange of rare-earth (RE) cations owing to the high activity and proper hydrothermal stability in many reactions.
Y zeolite is widely used in petrochemical field as catalytic material and usually modification is needed to improve its hydrothermal stability and catalytic performance [1] [2] [3] . There is a high content of gel in Y zeolite crystallization seriflux that can not be efficiently removed by zeolite filtration and separation process and thus leaded to Y zeolite's low degree of crystallinity, undesirable dispersion and stability [4] . Therefore, before modifying NaY zeolite, it is critical to remove the gel that is attached to the surface of Y zeolite.
Experimental Experiment raw material
The chemical materials used in this experiment are shown in Table 1 .
Preparation of high dispersion Y zeolite
During the filtration and isolation of NaY crystalline system, the NaY zeolite was first washed with 0.1 M alkaline solution 2-5 times at 80°C, and then 3-5 times of water of the weight of zeolite dry basis is used to wash the zeolite filter cake to thoroughly remove residue inorganic salt ions, especially silicate ions in order to prepare high performance NaY zeolite.
With conventional NaY and novel NaY zeolite as raw material, we prepared rare earth modified Y zeolite through traditional two times ion exchange and calcinations process. In the catalyst preparation process, one Y zeolite, a Kaolin matrix (Suzhou Kaolin Company, China), and & Zhaoyong Liu lzy0539@126.com 1 alumina sol matrix, were mixed together and shaped spraydrying to obtain a micropheroidal catalyst. Then we prepared CAT-1 sample containing conventional Y zeolite and CAT-2 sample containing novel Y zeolite through catalyst preparation process, respectively.
Characterization
The degree of crystallinity and unit cell size (UCS) were analyzed with a Rigaku D/MAX-3CX diffractometer. The pore properties of catalysts were tested in a Coulter Omnisorp 360 analyzer. The samples were first outgassed at 300°C for 4 h with a vacuum degree of 1.33 9 10 -7 Pa. The particle morphology and particle size of the samples were observed by SEM, which was carried out on S-4800 (Hitachi Company, acceleration voltage of 0.5-20 kV). FT-IR spectroscopy was performed on a Nexus FT-IR instrument (Nicolet Co, USA) to study the acidity of zeolite. Pretreatment of the sample was made in the cell at 300°e under vacuum for 2 h. Then purified pyridine vapor was adsorped on the zeolite at room temperature. The excess of pyridine was removed under vacuum over two consecutive (1 h) periods of heating at 200 and 350°C, respectively, each of them followed by IR measurements. The particle size distribution of zeolites was observed by a laser particle size analyzer with measuring range from 0.05 to 500 lm.
Catalyst evaluation

Evaluation device
The fixed fluidization bed FCC unit (we call it FFB briefly) is used to evaluate catalysts' performances, which is designed by Luoyang Petrochemical Engineering Corporation Ltd, Sinopec [5] .
Evaluation method
At the beginning of the experiment, a certain amount of fluidization wind is blown into the fixed fluidization bed FCC unit, and then the vacuum pump starts to load 200 g of catalyst into reactor. After loading the feedstock to gauge tank and heated to a certain temperature, the water pump starts to send distilled water into vaporizing oven to generate over heated steam. The steam is first used to replace fluidization wind and then used as atomization and strip steam. When each part of the reactor's temperatures is stabilized for 5 min and the feedstock has reached given temperature, the oil pump is started for reflux for 2 min to make sure the accuracy of input quantity of feedstock. The feedstock flows to the bottom of reactor along the central axis from top to bottom through feed pipes. The feedstock then contacts high temperature catalysts through nozzle and starts cracking reaction. After half an hour's steam stripping, oxygen is let into regenerate the spent catalyst. The condensing system will separate reaction product into liquid and gas.
The tests were carried out under the typical conditions for FCC units: cracking temperature 500°C, catalyst to oil mass ratio 4.0, weight hourly space velocity 15 h -1 . Prior to a FFB test, CAT-1 and CAT-2 were steam-deactivated at 800°C for 10 h in a fluid bed with 100 % steam. The chemical composition of the product FCC gasoline was determined by an online GC-MS. The feedstock (as shown in Table 2 ) was a mixture of 70 % Xinjiang vacuum gas oil (VGO) and 30 % Xinjiang vacuum tower bottom (VTB).
Results and discussion
Particle size and SEM analysis By improving zeolites' dispersion ability and reducing zeolites' particle size, zeolites' surface area can be efficiently improved; the decrease on zeolites' particle size makes the zeolites better-dispersed in FCC catalyst. Therefore, the matrix pre-cracked big heavy oil molecules are much easier to react on the zeolites' active center. This shortens the reaction route of heavy oil molecules. At the same time, due to the decrease of zeolites' particle size, the inner pores of zeolites are shortened; therefore, the reactant, reaction products, and coke precursor are easier to spread and lead to decrease on coke generation and acceleration on heavy oil conversion. Figures 1 and 2 are the particle size comparison on high dispersion Y zeolite and conventional Y zeolite.
From Fig. 1 , we can see that the high dispersion Y zeolite has a smaller particle size and is relatively well distributed. There are clear boundaries between each crystalline grain without adhesion. Nano-scale Y zeolite' size is smaller than conventional one. On the other hand, the conventional Y zeolites' particle is imbalanced distributed due to adhesion. From Table 3 , we can see, compared with the conventional Y zeolite, the novel zeolite's median particle size D (0.5) has decreased by 0.422 lm and D (0.9) has decreased by 6.029 lm. Table 4 shows the comparison results between hydrothermal and thermal stability of novel and conventional Y zeolite.
Thermal and hydrothermal stability
From Table 4 , we can see that compared to conventional Y zeolite, the novel Y zeolite maintained good relative crystallinity after 2 h hydrothermal deactivation and the collapse temperature increased 13°C. This indicates that the novel Y zeolite has good hydrothermal stability and thermal stability.
Acidity Table 5 shows the comparison results between novel Y zeolite and conventional zeolite on acidity. Table 5 shows that, compared with the conventional Y zeolite, the novel Y zeolite shows excellent selectivity on Brønsted acid. Table 6 is the evaluation results on CAT-1 and CAT-2 which were tested on fixed fluidization bed FCC unit. Table 6 shows the fixed fluidization bed FCC unit evaluation result on CAT-1 and CAT-2. From Table 6 , it is clear that compared with CAT-1, CAT-2 which containing the novel Y zeolite could increase gasoline yield by 2.39 % points; decrease the heavy oil yield by 1.87 % points; and increase the conversion rate, LCO and total liquid yield by 2.53, 1.72, and 1.63 % points, respectively. Therefore, the novel Y zeolite has features of strong heavy oil conversion ability and increasing total liquid yield. Figure 2 is the mechanism graph of separation of NaY zeolite and Si gel. At the end of silicon-alumina zeolites' thermal crystallinity, the zeolite needs to be separated from crystallinity mother liquid. In industrial application, vacuum filtration is adopted to separate zeolite crystal and inorganic salt-rich crystallinity mother solution. During the separation, large amount of residue of inorganic salt ions is left on the filter cake. In industrial situation, distilled water is often used to wash off these inorganic salt ions. When filtering and separating zeolite crystallinity system, there are large quantity of unreacted silicates in the residue inorganic salt ions left on the filter cake. Silicate ion is a kind of special ion which is very sensitive to pH value. Under normal circumstances, the higher pH value a system has, the more stable silicate is; but when the system's pH value decreases, silicates would be very active to form gel. When wash the zeolite's filter cake, the system pH value is low; therefore, silicates are active and would form a large quantity of amorphous gel. This gel not only blocks filter cloth and cause bad effect on filtration speed, but also significantly influence zeolites' physical and chemical properties, such as degree of crystallinity, dispersion, and stability. Therefore, after pretreatment on NaY zeolite with alkaline solution and then separation with mother solution, NaY zeolite and Si gel can be effectively separated.
Catalytic performance
Preparation mechanism
Conclusions
(1) There is a large amount of gel in Y zeolite's crystallinity seriflux; pretreatment on NaY zeolite with alkaline solution can effectively separate Y zeolite from Si gel.
(2) The high dispersion Y zeolite has a smaller particle size and is relatively well distributed. There are clear boundaries between each crystalline grain without adhesion. On the other hand, the conventional Y zeolite's nanoparticles are imbalanced distributed with adhesion. a C/C 0 is the relative crystallinity, which is based on the peak height between 23 and 24.5 e Compared to the conventional Y zeolite, the novel zeolite's median particle size D (0.5) has decreased by 0.422 lm and D (0.9) has decreased by 6.029 lm.
The novel Y zeolite maintained good relative crystallinity after 2 h hydrothermal deactivation and the collapse temperature increased 13°C. This indicates that the novel Y zeolite has good hydrothermal stability and thermal stability.
(4) The novel zeolite shows excellent selectivity on Brønsted acid.
(5) On the basis of maintaining coke and dry gas yields, CAT-2 which containing the novel Y zeolite could increase gasoline yield by 2.39 % points; decrease the heavy oil yield by 1.87 % points; and increase the conversion rate, LCO and total liquid yield by 2.53, 1.72, and 1.63 % points, respectively. Therefore, the novel Y zeolite has the features of strong heavy oil conversion ability and increasing total liquid yield.
